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DEVICE AMD METHOD FOR CONVERTING AN INPUT SIGNAI. 
BACKGROUND OF THE INVENTION 

5 

1. Field of the Invention 

The present invention relates to a device and a method for 
converting an input signal, with the input signal comprising a 
bipolar pulse with a positive part and a negative part of same 
10 duration which encodes a bit. 

2. Description of the Related Art 

In almost any fields of modern semi-conductor technology bi- 
nary signals, or signals encoding information represented in 

15 binary form, are transmitted. The so-called single-ended sig- 
naling technique provides particularly low requirements as re- 
gards circuitry and, therefore, particularly low manufacturing 
costs. According to the single-ended signaling technique, an 
electrical signal is transmitted via a single line. A refer- 

20 ence potential is preferably transmitted via a second single 
line. The voltage of the electrical signal against the refer- 
ence potential encodes (in binary form) the information to be 
transmitted. The single-ended signaling technique, however, 
comprises serious disadvantages. Among these are a low signal 

25 swing, the necessity of providing an additional synchroniza- 
tion signal, reference voltage or reference current, and in- 
sufficient suitability for high transmission rates, or band- 
widths, and great cable lengths. 

30 Therefore, single-ended signaling technique has so far been 

restricted to simple applications with small bandwidths and/or 
short transmission paths. Otherwise, on the side of the re- 
ceiver, an additional clock or an additional reference signal 
is necessary for converting the input signal, thus enabling 

35 safe decoding. The additional clock or the additional refer- 
ence signal needs to be provided to the receiver via addi- 
tional lines and/or an additional network. 
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SUMMARY OF THE IMVENTIOM 

It is the object of the present invention to provide simpli- 
5 fied devices and methods for converting an input signal and 
for transmitting a bit- 

The present invention is a device for converting an input sig- 
nal comprising a bipolar pulse with a positive part and a 

10 negative part of same duration into a difference signal. The 

device includes a delay member with an input for receiving the 
input signal and an output, for delaying the input signal in 
order to receive a delayed signal and for outputting the de- 
layed signal at the output. Further, the device includes a 

15 differential amplifier having a first input for receiving the 
input signal, a second input for receiving the delayed signal 
and an output for outputting the difference signal formed from 
the input signal and the delayed signal. 

20 The present invention further is a method for converting an 
input signal comprising a bipolar pulse with a positive part 
and a negative part of same duration into a difference signal. 
The method includes delaying the input signal to obtain a de- 
layed signal, forming a difference signal from the input sig- 

25 nal and the delayed signal, and outputting the difference sig- 
nal . 

The present invention is based on the idea of delaying an in- 
put signal having a bipolar pulse with a positive part and a 

30 negative part of same length, or duration, by means of a delay 
member in order to obtain a delayed signal, with a differen- 
tial amplifier simultaneously tapping the input signal at the 
input of the delay member and the delayed signal at the output 
of the delay member and forming a difference signal from the 

35 same. Preferably, the delay of the delay member is selected to 
be equal to the duration of the positive part and to the dura- 
tion of the negative part of the bipolar pulse, respectively. 
The difference signal comprises a maximum (positive) value, if 
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simultaneously the positive part of the bipolar pulse is pre- 
sent in the input signal and the negative part of the bipolar 
pulse is present in the delayed signal. The difference signal 
comprises a minimum (negative) value, if simultaneously the 
5 negative part of the bipolar pulse is present in the input 
signal and the positive part of the bipolar pulse is present 
in the delayed signal. 

An advantage of the present invention is that the difference 
10 signal comprises double the signal swing as compared to the 
input signal. 

In accordance with one aspect, the present invention is a de- 
vice for transmitting a bit, the device having a driver for 

15 driving an input signal, comprising a bipolar pulse with a 

positive part and a negative part of same duration and encod- 
ing the bit, a transmission line for transmitting the input 
signal with an input connected to the driver and an output, a 
device for converting the input signal, as described above, 

20 which is connected to the output of the transmission line and 
which decodes the bit by means of the difference signal, and a 
termination load connected to the output of the delay member. 
The termination load is connected to the output of the delay 
member directly or via a further transmission line. 

25 

In accordance with a further aspect, the present invention is 
a method for converting a bit. The method includes driving an 
input signal comprising a bipolar pulse with a positive part 
and a negative part of same duration and encoding the bit; 
30 transmitting the input signal; converting the input signal in 
accordance with the method described above; and decoding the 
bit by means of the difference signal. 

The above aspects of the present invention are further based 
35 on the idea of encoding a bit in a bipolar pulse with a posi- 
tive part and a negative part of same duration. Thus, the bit 
may be decoded from the bipolar pulse in a more reliable man- 
ner. As a result, additional synchronization or reference sig- 
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nals are becoming unnecessary and/or it is possible to accom- 
modate higher transmission rates and/or greater transmission 
lengths . 

5 In accordance with a preferred embodiment, the delay member 
consists of two partial delay members connected in series be- 
tween the input and the output of the delay member. A par- 
tially delayed signal is tapped between the partial delay mem- 
bers. The bit will be decoded from the difference signal at 
10 the time the partially delayed signal comprises a (rising or 
falling) edge. 

By detecting the edge of the partially delayed signal and us- 
ing the same for triggering the decoding operation^ decoding 
15 will be further enhanced and made more reliable. The present 
invention thus provides a self-latching signal and a self- 
latching signal processing, using one single line. 


20 BRIEF DESCRIPTION OF THE DRAWINGS 

In the following, preferred embodiments of the present inven- 
tion will be explained with reference to the attached figures, 
in which: 

25 

Fig. 1 shows a schematic circuit diagram of a transmis- 

sion device in accordance with a first embodiment 
of the present invention; 

30 Fig. 2 and 3 show schematic illustrations of various signals 

in the first embodiment represented in Fig. 1; 
and 

Fig. 4 shows a schematic circuit diagram of a transmission de- 
35 vice in accordance with a second embodiment of 

the present invention. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Fig. 1 is a schematic circuit diagram of a device for trans- 
mitting a bit in accordance with a -first preferred embodiment 
5 of the present invention. A driver 10 generates at its output 
12 a signal with a bipolar pulse comprising a positive and a 
negative part of same duration which pulse encodes a bit. The 
nature of this bipolar pulse will be explained in more detail 
herein below by means of Fig. 2 and 3. In Fig. 1, as constitu- 

10 ents of the driver 10, two field effect transistors 14, 16 are 
illustrated as an example in a strongly simplified form, the 
channels of which are connected in series between a potential 
Uo and ground 18. Alternatively, the driver 10 comprises any 
other structure which is suitable to generate the bipolar 

15 pulses illustrated further below by means of Fig. 2 and 3. 

The transmission line 30 comprises an input 32, which is con- 
nected to the output 12 of the driver 10, and an output 34, 
The transmission line 30 is any line, for example a simple 
20 wire, with the reference potential, or ground, being provided 
by another line means. Alternatively, the transmission line 30 
is a non-twisted or twisted pair, a coaxial cable or any other 
line . 

25 A device 50 includes a delay member consisting of a first par- 
tial delay member 52 and a second partial delay member 54 . An 
input 56 of the delay member is the input of the first partial 
delay member 52 and is also connected to the output 34 of the 
transmission line 30. An output 58 of the first partial delay 

30 member 52 is connected to an input 60 of the second partial 

delay member 54. An output 62 of the second partial delay mem- 
ber 54 is also the output of the delay member. The device 50 
further comprises a differential amplifier 70 having a first 
input (+) 72, a second input (-) 74, a strobe input (str.), or 

35 third input 76, and an output 78. The first input 72 of the 

differential amplifier 70 is connected to the input 56 of the 
delay member and to the output 34 of the transmission line 30, 
the second input 74 of the differential amplifier 70 is con- 
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nected to the output 62 of the delay member, and the third in- 
put 76 of the differential amplifier 70 is connected to the 
output 58 of the first partial delay member 52 and to the in- 
put 60 of the second partial delay member 54. The output 78 of 
5 the differential amplifier 70 is also the output of the device 
50. 

A further transmission line 90 comprises an input 92, which is 
connected to the output 62 of the delay member of the device 
10 50, and an output 94. The further transmission line 90 may be 
of the same type as the transmission line 30 or of a different 
type. 

The output 94 of the further transmission line 90 is termi- 
15 nated with a termination load, or termination resistor, 96 
which is adapted to the impedance of the transmission lines 
30, 90. 

With respect to the mode of operation of the first embodiment 

20 of the present invention illustrated in Fig. 1, the following 
refers to Fig. 2 and 3. Fig. 2 and 3 are schematic diagrams 
representing the time dependencies of the signals applied to 
the inputs 72, 74, 76 of the differential amplifier 70. In 
each case, the time t is ascribed to the abscissa, and the 

25 time-dependent potentials (U) , or levels, of the three signals 
are ascribed to the ordinate. At the very top in each of Fig. 
2 and 3, an input signal 102 applied to the input 56 of the 
delay member is represented, which is generated by the driver 
10 and transmitted by the transmission line 30 to the input 56 

30 of the delay member. The input signal 102 is at the same time 
applied to the first input 72 of the differential amplifier 
70. Below is represented a partially delayed signal 104, which 
is generated by the first partial delay member 52 from the in- 
put signal 102 and is applied to the third input 7 6 of the 

35 differential amplifier 70. Below the partially delayed signal 
104 there is represented a delayed signal 106, which is gener- 
ated by the second partial delay member 54 from the partially 
delayed signal 104 and which is applied to the second input 74 
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of the differential amplifier 70. In Fig. 2 and 3, the input 
signal 102, the partially delayed signal 104 and the delayed 
signal 106 are each represented with an arbitrary offset along 
the ordinate in order to avoid any overlaps. At the very bot- 
5 torn in Fig. 2 and 3 each, the three signals 102, 104, 106 are 
represented in an overlapped position and with their actual 
potential differences, respectively. 

The input signal 102 represented in Fig. 2 comprises a bipolar 
10 pulse with a positive part 112 and a negative part 114. The 
positive part 112 and the negative part 114 preferably com- 
prise approximately the same length and time duration, respec- 
tively. In Fig. 2, the positive part 112 precedes the negative 
part 114 of the bipolar pulse, whereby, in this example, a 
15 logical 1 is encoded. In Fig. 3, the negative part 114 pre- 
cedes the positive part 112 of the bipolar pulse, whereby a 
logical 0 is encoded. Between the positive part 112 and the 
negative part 114, the bipolar pulse of the input signal 102 
comprises a rising or falling edge 116. 

20 

In the embodiment shown, the delay of the delay member corre- 
sponds to the duration of the positive part 112 and to the 
negative part 114 of the bipolar pulse, respectively. Accord- 
ingly, in Fig. 2, the negative part 114 of the bipolar pulse 

25 of the input signal 102 coincides, in terms of time, with the 
positive part 112 of the bipolar pulse in the delayed signal 
106. The delay of the first partial delay member 52 and the 
delay of the second partial delay member 54 each amount to ap- 
proximately half of the delay of the delay member. Correspond- 

30 ingly, the edge 116 between the positive part 112 and the 

negative part 114 of the bipolar pulse in the partially de- 
layed signal 104 coincides, in terms of time, with the nega- 
tive part 114 of the bipolar pulse in the input signal 102 and 
with the positive part 112 of the bipolar pulse in the delayed 

35 signal 106. The coincidence of the negative part 114 of the 

bipolar pulse in the input signal 102 applied to the first in- 
put 72 of the differential amplifier 70, of the positive part 
112 of the bipolar pulse in the delayed signal 106 applied to 
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the second input 74 of the differential amplifier 70 and of 
the falling edge 116 of the bipolar pulse in the partially de- 
layed signal 104 applied to the third input 76 of the differ- 
ential amplifier 70 at the time ti is utilized in accordance 
5 with the present invention in order to decode a logic 1 from 
the bipolar pulse with an especially high degree of reliabil- 
ity. It is clearly recognizable that the illustrated coinci- 
dence of the three described features in the three signals 
102, 104, 106 enables safe decoding of the logical 1 encoded 
10 in the bipolar pulse. 

In Fig. 3, the negative part 114 precedes the positive part 
112 of the bipolar pulse, whereby a logic 0 is encoded. It is 
clearly recognizable that, at a time t2f the positive part 112 

15 of the bipolar pulse in the input signal 102, the negative 

part 114 of the bipolar pulse in the delayed signal 106 , and a 
rising edge 116 between the negative part 114 and the positive , 
part 112 of the bipolar pulse in the partially delayed signal 
104 coincide, in terms of time. The levels of the signals 102, 

20 104, 106 represented in Fig. 3 at the time t2 comprise a maxi- 
mum difference from the levels of the signals 102, 106, 104 
represented in Fig. 2 at the time ti. The pattern of the sig- 
nals 102, 104, 106 represented in Fig. 3 thus enables a very 
clear and especially safe and reliable decoding of the logical 

25 0 from the bipolar pulse. 

In accordance with a first variation of the embodiment of the 
present invention illustrated in Fig. 1, the differential am- 
plifier 70 forms a difference signal only from the input sig- 

30 nal applied at its first input 72 and from the delayed signal 
applied at its second input 74, which difference signal it 
outputs at its output 78. A positive difference signal exceed- 
ing a predetermined positive threshold indicates that the in- 
put signal comprises a bipolar pulse, which encodes a logical 

35 0, as represented in Fig. 3. A difference signal falling below 
a predetermined negative threshold indicates that a bipolar 
pulse is present, which encodes a logical 1, as represented in 
Fig. 2- The difference signal output at the output 78 of the 
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differential amplifier 70 may be interpreted correspondingly 
by a downstream circuit, which is not represented in Fig. 1, 
in order to decode a logical 0 and a logical 1, respectively. 
Alternatively, the difference signal is compared to the prede- 
5 termined positive and predetermined negative threshold already 
in the differential amplifier 70, and, already at its output 
78, the differential amplifier 70 outputs a signal which 
represents the decoded logical 0 and logical 1, respectively. 
The subdivision of the delay member in the partial delay mem- 
10 bers 52, 54 in addition to the third input 76 of the differen- 
tial amplifier are not required with this variation and may be 
omitted. 

In accordance with a second variation of the embodiment illus- 
15 trated in Fig. 1, the differential amplifier 70 additionally 
detects the partially delayed signal 104 applied at its third 
input 7 6 and outputs, at its output 78, a logical 0, only if 
the difference signal exceeds the predetermined positive 
threshold and, at the same time, the partially delayed signal 
20 104 comprises a rising edge, and outputs a logical 1, only if 
the difference signal falls below the predetermined negative 
threshold and, at the same time, the partially delayed signal 
104 comprises a negative edge 116. Alternatively, the differ- 
ential amplifier 7 0 outputs at its output 78 one or more out- 
25 put signals in series or in parallel, which indicate whether 
the difference signal exceeds the predetermined positive 
threshold or falls below the predetermined negative threshold 
and whether the partially delayed signal 104 comprises a posi- 
tive or a negative edge 116. 

30 

Fig. 2 and 3 illustrate the case where the delay of each par- 
tial delay member 52, 54 amounts to approximately half of the 
duration of the positive part 112 and of the negative part 114 
of the bipolar pulse. It may be recognized that a decoding of 
35 the bipolar pulse is also possible with the device 50 shown in 
Fig. 1, if the duration of the positive part 112 and the dura- 
tion of the negative part 114 is greater than the total delay 
of the two partial delay members 52, 54 together, and, if nec- 
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essary, also if the duration of the positive part 112 and of 
the negative part 114 deviate from each other as long as the 
edge 116 between the positive part 112 and the negative part 
114 is steep enough. The device 50 illustrated in Fig, 1, how- 
5 ever, may no longer safely decode the bipolar pulse, if the 

duration of the positive part 112 and of the negative part 114 
of the bipolar pulse are more than only slightly shorter than 
the delay of the delay member, 

10 In Fig. 4, a second embodiment of the present invention is 
represented, which differs from the first embodiment repre- 
sented by means of Fig. 1 only in that the delay member con- 
sists of a plurality of delay members 132, 144, which are 
connected in series, and in that the differential amplifier 70 

15 comprises a plurality of first inputs 72a, 72z and a plu- 
rality of second inputs 74a, 74z. The first inputs 72a, 
72z and the second inputs 74a, 74z of the differential am- 
plifier 70 are connected to various points, or taps, within 
the chain of delay members 132, 144, in order to tap dif- 

20 ferent signals which are partially delayed by delay times dif- 
ferent from each other. The differential amplifier 70 is im- 
plemented such that, for a finite discrete amount of durations 
of the positive parts 112 and of the negative parts 114 or for 
durations of the positive parts 112 and of the negative parts 

25 114 within one or several value intervals, it selects an 

adapted first input 72a, 72 z and an adapted second input 
74a, 74z each, such that the total delay between the signal 
applied to the selected first input 72a, 72z and the input 
applied to the selected second input 74a, 74z corresponds 

30 at least approximately to the duration of the positive part 

112 and of the negative part 114 of a bipolar pulse of an in- 
put signal applied to the input 56 of the delay member. By 
means of an asymmetric selection of the first input 72a, 
72z and of the second input 74a, 74z it can be accounted 

35 for an asymmetry of a bipolar pulse, which expresses itself in 
different durations of the positive part 112 and of the nega- 
tive part 114. The selection of the first input 72a, 72z 
and of the second input 74a, 74z is effected either auto- 
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matically by the differential amplifier 70 or it is specified 
from outside by another device or by a person operating the 
device 50. Alternatively, also the strobe input, or third in- 
put, 76 of the differential amplifier 70 is selected according 
5 . to the bit rate, or to the data transmission rate, or to the 
duration of the positive part 112 and of the negative part 114 
of the bipolar pulse. 

At very high frequencies (for example more than 5 GHz) the di- 
10 mansions of the delay members and of corresponding delay 

lines, respectively, become comparable to the dimensions of a 
typical silicon chip. In this case, the realization of the 
present invention becomes especially simple, especially when 
the delay lines are paced directly on or very close to the 
15 chip. 

The above embodiments were described for a case, where a bipo- 
lar pulse, whose negative part 114 follows the positive part 
112, encodes a logical 1. Likewise, the present invention may 

20 be implemented in case a bipolar pulse with a positive part 
112, which follows a negative part 114, encodes a logical 1. 
Furthermore, deviating from Fig. 1 and 4, several devices 50 
may be connected by transmission lines, arranged in series be- 
tween the driver 10 and the termination load 96. Furthermore, 

25 the present invention may be implemented both as a device and 
also as a method. 

While this invention has been described in terms of several 
preferred embodiments, there are alternations, permutations, 

30 and equivalents which fall within the scope of this invention. 
It should also be noted that there are alternative ways of im- 
plementing the methods and compositions of the present inven- 
tion. It is therefore intended that the following appended 
claims be interpreted as including all such alterations, per- 

35 mutations, and equivalents as fall within the true spirit and 
scope of the present invention. 


